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CHAPTER 12

AGRI CULTURE, HORTI CULTURE, AND FORESTRY

12-1. General. Broad use of dredged material disposal sites has been nmade by
the agriculture, forestry, and horticulture industries. Sone disposal sites,
especially in river systens, have provided |livestock pastures. These pastures
have not been devel oped in any way except by allow ng natural grass col oniza-
tion or by planting pasture grasses on them O her uses involve actively

i ncorporating dredged material into marginal soils (item25). An attractive
alternative for disposing of dredged sedinents is to use these rich materials
to amend nmarginal soils for agriculture, forestry, and horticul ture purposes.
Mar gi nal soils are not intensively farmed because of inherent limtations such
as poor drainage, unsuitable grain size, and poor physical and chem cal condi-
tions. They may al so be of |ow productivity because of high water tables or
frequency of flooding. MIlions of acres of these marginal soils are |ocated
near waterways.

12-2. Agriculture. Item 81 notes several areas where there is currently
extensive interest in the agricultural use of dredged material. For exanple,
about 500 acres of the O d Daniel |Island Disposal Site in South Carolina have
been successfully truck farmed for the past 8 years, and other parts of the
site are planted in soybeans, an agronomic crop. The Tulsa District has
approxi mately 2,600 acres of dredged material containment sites | eased for use
as grazing land. Wen dredged material is free of nui sance weeds and has the
proper bal ance of nutrients, it is simlar to productive agricultural soils
and can be beneficial for increasing crop production when incorporated or

m xed. By the addition of dredged material, the physical and chenical charac-
teristics of a marginal soil can be altered to such an extent that water and
nutrients beconme nore available for crop growh. In sone cases, raising the
el evation of the soil surface with a cover of dredged material may inprove
surface drai nage and reduce flooding and therefore | engthen the grow ng
season. Dredged material characteristics which influence plant growth and

gui dance for dredged material incorporation and cover use are discussed in
this section.

a. Planning Considerations. Chenical and physical anal yses of the
dredged material, site |locations, weed infestation potential, and possible
salinity problems nust be considered before deciding upon the suitability of a
specific dredged material as a medium for agricultural purposes. Figure 12-1
denonstrates priority listing of these factors to be used when considering the
feasibility of an agricultural use for dredged material at the contai nment
site (item75).

(1) Chemical analyses. Since dredging operations may take place in
wat erways containing industrial wastes and sedi nent runoff fromagricultura
areas, dredged material can contain heavy netals, oil and grease, high nutri-
ent concentrations fromfertilizer runoff, and other contam nants.
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(a) Heavy netals. Heavy netal uptake by plants is dependent on a num
ber of factors, primarily the formand concentration of metals in the rooting
nmedi a, and the type and variety of plant. Research has shown that the heavy
nmetal uptake by plants is normally much | ess than the heavy netal content of
the rooting nmedia (itens 25 and 44). Table 12-1 shows the range in the con-
centration of heavy netal uptake by agronom c and conmon vegetabl e food crops
grown under nornmal conditions and the suggested plant tol erance |evels
(item 25). The question as to whether or not to produce food or nonfood crops
depends upon the chemical contam nants present in the dredged nmaterial. Agri-
cultural service agencies and extension offices can assist with guidelines and
answers to specific questions. Wile research has shown that relationships
exi st between the extractable heavy netals in the soil and the heavy netal
upt ake by certain plants (item 46), these data are inportant to dredged nate-
rial applications upon soils if a food crop is to be grown, but are less
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Figure 12-1. Decisional factors to be considered at the dredged
mat eri al contai nment area before applying dredged material for
agricul tural purposes
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i mportant when nonfood crops are to be produced. An exanple of a nonfood crop
is the growing of Christmas trees or pul pwood on dredged material containing
concentrations of heavy nmetals too high for human or wildlife consunption
(item 49). Another exanple is the uptake of mnimal amounts of heavy netals

in the heads of grain plants, making thema good food crop sel ection even if

| arger anmpbunts of heavy nmetals are present; however, the heavy netals may con-
centrate in the | eaves, making these grain crops |ess desirable when harvested
as a forage.

(b) Nutrients. Nutrient analyses of dredged material should provide
data to determine nutrient availability and to establish recomended ferti-
lizer applications for vegetative production. The nutrient constituents of
dredged material which require greatest attention are nitrogen, phosphorus,
potassium netallic metals, and organi c conpounds. Although nedium and fine-
grai ned dredged material is normally high in nutrients available for plant
upt ake, the levels of these nutrients are usually not high enough to limt
pl ant growt h. However, nitrogen, which is usually in the ammoniumform will
undergo nitrification rapidly in an aerobic soil. Nitrate is the readily
avai l abl e form of nitrogen for plant uptake or |oss by surface runoff and
| eaching into ground water. Specific recomendations on rates of fertilizers
can be obtained fromthe state Soil Testing Service or |local agricultura
ext ensi on agent, after soil tests have been conducted. A considerable portion
of dredged material, especially in the Upper M ssissippi River and sone

Table 12-1

Aver age Range of Heavy Metal Uptake by Plants for Sel ected
Food Crops* and Suggested Pl ant Tol erance Levels (item 25)

Average Range Suggested Tolerance
Element ppm Level, ppm
Cadmium 0.05-0.20 4
Copper 3-40 150
Iron 20-300 850
Manganese 15-150 325
Nickel 0.01-1.0 4
Lead 0.1-5.0 10
Zinc 15-150 350
Boron 7-75 200
Chromium 0.1-0.5 2

* Corn, soybeans, tomatoes, beets, |lettuce, peas, potatoes, nelons, squash,
al falfa, clover, wheat, oat, barley, and pasture grasses.
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coastal areas, is sterile, clean sand. In these cases, sites may never be
suitable for agriculture, and will need najor nutrient and soil amendnent
i ncor poration.

(c) O and grease. Research has shown that the oil and grease con-
tent of some dredged material is considerably higher than that of soil. How
ever, depressed agricultural yields attributable to high oil and grease
content have not been studi ed. Possible effects of high oil and grease con-
tent on soil properties or plant gromh are an apparent slower wetting of the
soil materials, a snothering effect on plant parts, and a tendency to restrict
wat er uptake by the plants.

(d) Lime requirenments. Lime requirenments for dredged material vary,
but if the pH of the material is below 6.5, it should be amended with ground
agricultural |inestone before being applied to marginal soil for agricultura
production. Large amounts of sulfur in the dredged material will require
heavy initial applications of lime to neutralize the acidity, as well as
succeedi ng applications to maintain neutral conditions. A soil pH below 4.0
i ndi cates the presence of free acids resulting fromthe accunul ati on of sul-
fate and nitrate ions; a pH below 5.5 suggests the presence of toxic quanti -
ties of exchangeable al um num iron, and manganese; and a pH from7.8 to 8.2
may indicate an accumul ation of the bicarbonate ion, and the uptake of ele-
ments will be detrimental to plant growth. Gupta et al (item 25) provides
speci fic recomendati ons on rates of both fertilizer and lime to apply at
various soil (dredged material) deficiency levels. Arule of thunb for linme
requi rements of high sulfur dredged material is to double the usual |ine
requirenent.

(2) Physical analyses. The physical characteristics of dredged mate-
rial can assist the CE in nmaking critical judgnents of the best use of dredged
material to ensure agai nst adverse inpacts on agricultural |ands. The texture
and water content are essential tests to aid in characterization of dredged
materi al deposits within a contai nnent site.

(a) Texture. Textural classification helps to determne not only the
nutrient-supplying ability of soil materials, but also the supply and exchange
of water and air that are so inportant to plant life. Therefore, an inportant
criterion is to adjust the texture of the final mxture of dredged nateria
and margi nal soil to approxinmate a | oam soil (USDA classification). Using the
USCS cl assification system a dredged material of |loamtexture contains silts
and clays whose liquid Iimt is less than 50. Mxing a fine-textured dredged
material (silt and clay) with a coarse-textured marginal soil (sand) to the
proportions of a loamwould inprove its physical and chem cal characteristics
for crop production. Sandy, coarse-grained dredged naterial is generally |ow
in organic matter content, available nutrients, and heavy nmetal concentra-
tions. Dredged material of this type may have potential as an amendnent to
heavy i nperneable clay soils, inproving structure and perneability. For
beneficial surface applications wthout incorporation with existing soils, it
woul d be preferable to apply dredged material of |loamtextures only. Sandy
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| oams are generally preferred for vegetable root crops such as carrots, beets,
pot at oes, and peanuts, whereas loamto silt-loamsoils are preferred for row
crops, orchards, and snall grains.

(b) Water content. When placing dredged material on agricultura
lands, it is desirable to have the water content of the material within the
plastic Iimt range. This will present fewer problens in handling, placing,
and m xing. |If dredged material is to be placed in slurry form the lift
t hi ckness should be linited to 18 inches. This thickness of dredged materia
will usually dry within a 6-nmonth period, dependi ng upon dredged materia
texture, to the point where soil mxing and farm ng operations can begin.

(3) Weeds. Weed infestation is generally a serious problemin nmany
dewat ered, inactive, fine-grained dredged material containment areas. Prior
to the transport of dewatered dredged material to an agricultural site, an
ext ensi ve weed control effort may have to be initiated to avoid serious weed
problems to the agricultural producer. For exanple, an application of herbi-
cide or renoval of the top 6-inch vegetation |layer of the contai nment area
with a bulldozer before the transport of dredged material to the agricultura
site would tenporarily control the weed problem Transport of such materi al
unless it was only to the advantage of the CE to do so, would be at the
expense of the agricultural producer

(4) Salinity. If the dredged material is froma coastal or tida
regi on, special attention nust be given to salinity because crops will not
grow on highly saline soils, and few agronom c crops will grow in brackish
soils. The electrical conductivity of a soil water extract gives an indica-
tion of the total concentration of soluble salts in the soil. The term
“soluble salts” refers to the inorganic soil constituents that are soluble in
wat er. Excess soluble salts not only Iimt the availability of water to
plants but also restrict growth. Salt-tolerant plant species are avail able
and research on salt-tolerant agriculture crops is under way, but none have
been found to be economically productive to date. Techniques for treating
dredged material with high salinity problens are avail able and should be com
pl eted before the material is transported to an agricultural site.

(5) Agricultural site selection. The distance and node of transporta-
tion utilized for the novenent of dredged material will determ ne the mgjor
costs of its application to agricultural lands. Thus, the agricultural site
sel ected should be in reasonable proximty to the dredged material di sposa
site and adaptable to the |ong-range disposal needs of the CE

(a) Agricultural service agencies. |In nost areas of the country, a
variety of suitable |ocations of marginal soils can be found by contacting the
| ocal offices of the SCS and U.S. Forest Service, as well as the local Agri-
cultural Extension Service. Soil classification and | and use maps are avail -
able fromthese agencies, as is direct assistance in locating marginal soils
sui table for anendnment with dredged materi al
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(b) Type of agricultural site. The type of site determ nes whether it
can be used for agriculture, i.e., a short-termor |ong-term disposal area.
Short-termusage neans 1 to 3 nonths’ time for the transfer of dredged mate-
rial froma containment site, and for the transport, spread, mx, and cultiva-
tion of the dredged material for seedbed preparation at the agricultural site.
Long-term usage inplies that the agricultural site can be used as an active
di sposal area over a long period of tine (5 or 10 years). This would involve
only a few acres of the agricultural site at any one time in applications of
dredged material, so that the rest of the field could be planted in crops. A
schematic of a |long-term disposal area is shown in Figure 12-2, where various
| evel s of dredged material are being used for different activities. Shallow
rooted crops such as grasses, snall grains, soybeans, and vegetables can be
cultivated in designated areas when dredged material is first applied (6- to
12-inch depth). However, as the application of dredged material is continued
in specific areas of the field (3 feet or nore in depth), deep-rooted crops
such as corn, sorghum cotton, alfalfa, and trees can be successfully
cul tivated.

(c) Transport. The accessibility to the dredged material contai nment
site and the agricultural site determines project viability and node of trans-
port. The agricultural site may have limted access due to field roads,
drai nage ditches, and fence locations; therefore, access routes on a farm may
requi re design and construction to facilitate the disposal and spreadi ng of
dredged material. If the application of dredged material is to be efficient
and effective, scheduling of application should not interfere with normal farm
operations. Access roads to the disposal site should circunvent the farnstead
and avoid the location of poultry and |ivestock

b. Agricultural Site Considerations. Wth an understanding of the
characteristics of the dredged material at the various disposal sites, con-
sideration should be given to the potential problens at the agricultural site.
Factors which nmust be considered at the agricultural site are properties of
the margi nal soil, application depth of dredged material, |and preparation
needs, conpaction, erosion potential, flood/drainage area, and seedbed prepa-
ration (item 75).

(1) Incorporation. The beneficial effects of incorporating dredged
material into marginal soils are increased avail able water capacity, increased
nutrient supply when fine-grained dredged material is mxed with coarse-
grai ned marginal soils, and inproved drai nage when coarse-grai ned dredged
material is mxed with fine-grained margi nal soils (item 52).

(a) Marginal soil. Marginal soils are not used for production of
crops due to | ow economic return. These soils can be unproductive pastures,
abandoned fields, fields requiring excessive irrigation or drainage, or areas
in various stages of degradation. These soils can be made productive for a
variety of economc crops by incorporating dredged material of desirable grain
sizes to bring these marginal soils to a |l oam soil classification
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Figure 2-12. Long-term agricultural dredged material disposa
site (item 75)

(b) Depth. Plant growth can be limted by root devel oprment; there-
fore, it is inmportant to increase the depth of rooting nmedia on nmarginal soils
with applications of dredged material. To obtain an optiml m xture under
normal field conditions, the depth of dredged material to be incorporated is
limted to a 6-inch cover. At this depth, a 16-inch nol dboard plow can furrow
the 6 inches of dredged material to a depth of 12 inches using a tractor-plow
conbination. |If incorporation of greater depths of dredged material is
requi red, then special types of plows not common to nornmal farm operations
must be used.

(c) Land preparation. Tillage operations prior to the application of
dredged material may be useful to speed surface drying and eradi cate weeds.
The application of dry dredged material to | evel soil surfaces presents few
probl ems when the soil surfaces are dry. If the agricultural site has poor
dr ai nage, the application of dredged material should be done after the area
has had an opportunity to dry. Row drains can be constructed with a plow that
cuts through | ow areas to provide drainage into field laterals. The addition
of dredged material to slopes ranging from5 to 10 percent nmay increase opera-
tional problens and the potential for erosion, as well as the sedinent content
in runoff water. If steep slopes (greater than 10 percent) are to be used,

12-7



EM 1110-2-5026
30 Jun 87

standard conservation practices should apply, possibly including terraces,
grassed wat erways, diversion channels, and suppl enental practices such as
contour farmng, strip-cropping, and crop rotation (item 75).

(d) Compaction. The purpose of using dredged material is to inprove
the agricultural site; therefore, the application and spreadi ng of the dredged
materi al should not inpair agricultural production by severely conpacting the
mar gi nal soil. For exanple, soil conpaction problens associated with the
wei ght per axle load of large (25-ton) dunp trucks may necessitate using
smal l er (9-ton) dunp trucks which woul d reduce soil conpaction but increase
transportation costs by 25 percent.

(e) Seedbed preparation. The use of various types of tillage equip-
ment is, to some extent, dependent on the type of crop to be produced. How
ever, tillage operations such as plow ng and harrowi ng are comon to all types
of seedbed preparation. Cultivation and planting of the newy incorporated
m xtures shoul d be acconplished as soon as possi bl e because tillage wll
increase the infiltration of water and reduce surface runoff, therefore | ower-
ing the potential for erosion.

(2) Cover. When the area to be covered is too rocky, gravelly, or
ot herwi se unsuitable for cultivation, additions or capping with dry dredged
material to depths of 1 foot or nmore without incorporation into the existing
site may be required to inprove the area for agrononic production. Wen
dredged material is to be used as a surface cover or cap, it is best that the
texture approximate a loamsoil for crop production (item 25).

(a) Depth. The depth of dry dredged material to be applied in incre-
ments as a surface cover or cap should be at least 3 feet to ensure good
drai nage and an adequate rooting nedium This depth of 3 feet or nore can be
achi eved by additions of 6-inch layers if the agricultural site can be used as
an active dredged material disposal site over a period of years.

(b) Drainage/flood. When the soil depth is increased by additions of
dredged material, the depth to the water table increases and reduces wet spots
in the field, thus extending the period available for farm ng operations. If
the area is only briefly and intermttently flooded, additions of 3 feet or
nore of dredged material may conpletely elimnate the flooding problem If it
is flooded enough to have reduced soil conditions, it is a wetland and shoul d
not be farmed.

(c) FErosion. Slopes greater than 10 percent are not generally used
for the application of dredged material because the establishnent of a vegeta-
tive ground cover is nmore difficult. Wien the dredged material is to be
pl aced on erodible slopes, it should be planted in grass cover imediately
until the dredged material has stabilized. If the agricultural site is a
terraced area, the terraces should be seeded in a permanent vegetation cover
to prevent accelerated erosion. Flat or nearly level agricultural fields are
the nost satisfactory for dredged material application and farm ng operations.
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(d) Seedbed preparation. When the nmarginal soil is to be buried with
over 2-foot depths of dredged material, it should be leveled with a bull dozer
and other tractor-plow or di sk conbinations used for seedbed preparation. Any
application of dredged material will require standard seedbed preparations to

|l evel and till the site.

c. Crop selection. There are a nunber of agricultural, or food, crops
whi ch have been or may be grown on dredged material. These include pasture
grasses; food grains such as rice, corn, wheat, oats, rye, barley, and nillet
soybeans; sunflowers; truck crops; and cotton. Crop selection for food and
forage use is dependent upon climte, culture, and regi onal markets. The
varieties of agricultural crops typically selected for production in any given
area can be obtained fromcounty and | ocal Agricultural Extension Services and
the county Soil Conservation District offices.

12-3. Horticulture. Horticulture crops are generally considered vegetable,
fruit, nut, and ornamental varieties of comercially grown plants. Dredged
mat eri al applications on soils for vegetable production, orchards, and
nurseries will not differ fromthe guidelines discussed under agricultura
pl anning and site considerations. Discussion will be limted to specia
horticul tural crops.

a. Vegetable Production. Al conmercially grown vegetable truck crops
can be produced on dredged material anmended soils. Vegetables grow best on
sandy | oam soils of good texture, drainage, and aeration. The best types of
dredged material mxtures for such crops would be sandy silts or silty dredged
mat eri al which can be incorporated into an existing sandy site, or sandy
dredged material which can be incorporated into an existing silt or clay site.
Clays in general are too heavy for good vegetabl e production, but they could
be i mproved by applications of sandy materi al

b. Ochards. Few fruit and nut crops are produced close to waterways
and dredging sites, with the exception of pecan orchards. |In general
pear/ peach/ appl e orchards and ot her pome fruits grow best on hillsides and out
of |l ow bottom ands, and citrus orchards generally grow best away fromthe
i nfluence of salt-spray. Although no disposal sites have been planted as
orchards, such application is probably feasible. However, additional applica-
tions of dredged material once trees are established would have to be linted
to not nore than 6 inches to prevent damage to root systens due to soil aera-
tion changes.

c. Ornanental Plant Nurseries. Ornanental |iner shrubs in nurseries
are grown two ways: potted or set in the ground in a high-quality soil mx-
ture. Either type requires horticultural soil mxes of |oany soil, sand,

peat, and verniculite. Dewatered dredged material could be applied as a part
of the soil mx in areas where soil nust be trucked into nursery sites at con-
si derabl e expense. Myst comercial nurseries nake their own soil mxes, and
may be anenable to use of good quality dredged naterial. The mmjor disadvan-
tage would be the limted quantities of material a nursery would require.
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d. Sod Farns. Urban and suburban areas require large quantities of
readi |l y avail able grass sod for such uses as residential |awns, parks, golf
courses, and rights-of-way. Unless sites are avail abl e near these high-
popul ati on areas for sod production, sod nust be trucked into the area for
sale by retail nurseries and shops. Marginal soils near urban centers could
be brought into grass sod production through applications of dredged materi al
Since grass sod is less exacting in its growth requirenents than nost food
crops, the type of dredged material used is not as critical. However, the
material should be a |l oamy or silty sand substrate, if possible, to ensure
best grass grow h.

e. Christmas Tree Farms. Another specialized use of dredged materia
is the cultivation of Christmas trees on disposal sites (item75). This has
al ready been carried out successfully in the Baltinore District. Since
Christmas trees require 5 to 8 years to reach narketabl e size, the disposa
site or conpartment on |larger disposal sites is generally unavailable for such
beneficial use. This will Iimt the feasibility of this option in nost
wat erways where dredging occurs. |If dewatered material is trucked (at sponsor
expense) to a marginal soil site, then planted with trees, this beneficial use
option would be nore acceptabl e.

12-4. Forestry.

a. For a nunmber of years, the tinber industry has been working with
tree genetics to produce faster growi ng, stronger trees, and with reclamation
of disturbed eroding sites using trees, primarily pines. However, sonme hard-
woods and bl ack wal nut have been tested in the northcentral United States, and
nunerous cottonwood, sycanore, and eucal yptus plantations for paper production
have been planted in the southern United States. The inprovenent of nargina
timber land with applications of dredged material would be received with
i nterest and enthusiasmfrom foresters who have the problemof trying to pro-
duce tinber on poor soil. There are several rapidly grow ng pul pwood species
that may be grown in |large disposal sites with several conpartnments once the
conpartnents are nearing conpletion. Dewatered dredged material trucked to
mar gi nal | and or abandoned di sposal sites would be the sites npst appropriate
for tinber production.

b. The same physical and chemical soil properties discussed under
agricultural considerations would apply to forestry, except that trees could
be grown safely on dredged material with higher contam nant |evels than could
food crops. The tolerance |level of each tinmber crop for heavy nmetal s and
ot her contami nants and the physical characteristics of the material would be
forestry limting factors.

c. Since land would be tied up in tree production after planting for
10 to 30 years, the primary di sadvantage of this beneficial use would be | oss
of disposal sites. An advantage woul d be use of noderately contam nated
dredged material not suitable for many other beneficial uses. Dredged mate-
rial trucked into a site could be spread with heavy equi pnent as deeply as
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desired by the forester since tree roots penetrate several feet into the sub-
strate. Large quantities of dredged material could be disposed of on nargina
sites in this manner, and made producti ve.

d. Commercial tree species that would be suitable for tinmber produc-
tion on dredged material would be eastern cottonwood, American sycanore,
eucal yptus, green ash, water oak, and sweet gum on periodically flooded
(limted flooding) sites. These species would al so have a shorter rotationa
requirement of 5 to 15 years. Long-leaf pine, slash pine, |oblolly pine,
bl ack wal nut, white ash, pecan, and several oak and hickory species woul d grow
best on upland sites anmended by dredged material applications.

12-11



